Background: Despite the rollout of Medicare Part D, cost-related nonadherence (CRN) among older adults remains a problem.
O
nly about 50% of patients with chronic conditions routinely take their medicine as directed. 1 Diabetic patients' nonadherence to medication is associated with adverse health outcomes, including increased hospitalization rates and higher mortality. [2] [3] [4] [5] [6] Patients report many reasons for nonadherence such as forgetfulness, desire to avoid adverse medication side effects, and the relatively high costs of some medications. 2 Efforts to increase overall adherence often focus specifically on decreasing cost-related nonadherence (CRN), because it is relatively common and can be addressed with policy-based approaches. CRN among older adults has been documented before the initiation of the Medicare Part D program and remains a significant problem, with recent published estimates of CRN ranging from 13% to 36%. [7] [8] [9] [10] The existing research on CRN is somewhat limited, as the vast majority of papers examining CRN have used administrative data to calculate adherence, rather than direct patient report. Most of these papers have also used observed patient responses to cost sharing such as changes in copayment rates or prescription-tiering strategies, to infer indirectly that nonadherence is associated with higher out-ofpocket (OOP) costs. [11] [12] [13] [14] [15] [16] Some authors have found that people are more likely to cut back on medications that they consider "less" necessary or medications for which an overthe-counter substitution is readily available. 17, 18 However, while other studies have directly asked patients to report the types of medications they use less often because of cost (eg, antihypertensives, cholesterol-lowering medications), research shows that many older patients do not in fact know the indication for all of their medications. 19 Few studies have reconciled administrative pharmacy data with actual medication bottles in the patient's possession to determine rates of CRN among older adults.
Using data collected as part of the Translating Research into Action for Diabetes (TRIAD) Part D Study, the main objective of this analysis is to examine the overall rate of self-reported CRN among a population of older persons with diabetes who entered the Part D coverage gap in 2006.
Data on CRN were obtained during telephone interviews in which patients were asked to bring all of their medication bottles to the phone, and self-report CRN for any medication they were currently taking.
In this group of elderly Medicare beneficiaries with diabetes, we hypothesized that beneficiaries would be less likely to report CRN for their medications treating chronic conditions (diabetes, high blood pressure, or high cholesterol) than for their medications used primarily for symptom relief. We simultaneously investigated the possibility that CRN is associated with beneficiaries' sociodemographic characteristics. In particular, we hypothesized that having higher income will make CRN less likely after controlling for other factors.
METHODS

Study Design and Setting
TRIAD, a multicenter study of persons with diabetes cared for in managed care settings, has been described in detail elsewhere. 20, 21 This analysis uses data from a TRIAD cross-sectional survey specifically examining the experiences of participants in 8 western states with Medicare Part D during 2006. The crude response rate for the survey was 58.1%. There were no differences between responders/nonresponders in % female, OOP quarterly costs, and number of medicines prescribed, but responders were older than nonresponders. The survey was administered between April and October 2007 to beneficiaries enrolled in one of 2 benefit designs within (1) a staff-model nonprofit Medicare Part D Advantage (MAPD) plan; (2) a network-model MAPD plan; or (3) a freestanding Prescription Drug Plan (PDP). Some beneficiaries in the PDP or network-model MAPD plans had coverage for generic but not brand name drugs while they were in the coverage gap (from $2250 in total drug costs to $3600 in OOP drug costs), whereas others had no coverage while in the gap-leaving them to pay for their medications entirely OOP. Beneficiaries in the staff-model MAPD plan had the standard plan with no drug coverage in the gap.
The survey was administered by computer-assisted telephone interview to beneficiaries who entered the coverage gap in 2006. The interviewers began with a prepopulated list of medications for each beneficiary, drawn from administrative pharmacy claims data. Before asking about CRN, interviewers asked participants to bring their prescription medications to the phone to record adherence for medications not present in the pharmacy claims, and to verify the accuracy of the claims-based medication list. If the patient reported that they had discontinued one of the medications on the administrative list, they were not asked any additional questions about the medication. After interviewers verified which medications patients were taking, they asked whether the participant had any CRN to any of their medications during 2006. If participants answered "yes" to this question, interviewers followed up by asking which specific medications participants took less of because of cost. The institutional review board at the University of California, Los Angeles approved the protocol for this study.
Participants
The TRIAD survey randomly sampled beneficiaries who were 65 years or older by January 1, 2005 December 31, 2006 to be eligible for the sample. We excluded Medicare beneficiaries who had a low-income subsidy (LIS) (because these patients had no coverage gap), those who had full prescription drug coverage in the gap, and those who could not provide informed consent.
Variables
The dependent variable was whether the patient had any CRN for the medication in the patient-medication dyad. As in previous studies, CRN was defined to include any of the following self-reported behaviors specifically attributed to costs: delayed or stopped refills, skipped doses, or otherwise used less medication than prescribed. 22 To understand the patterns of CRN in the study sample, we developed categories of medications based on chronic conditions of the participants. We focused mainly on medications to treat diabetes, hypertension, or high cholesterol because of the importance of medication adherence for the treatment of these conditions among diabetes patients. We grouped those medications together that are largely prescribed for symptom control, including those for pain, cough, allergies, insomnia, upset stomach, dermatitis, urinary incontinence, erectile dysfunction, itching, and muscle cramps (see Appendix, Supplemental Digital Content 2, http://links.lww.com/MLR/ A357 hereafter "symptom relief medications"). These symptom relief medications may improve a patient's quality of life but would not be necessarily detrimental to health if not taken. Many of these medications are prescribed on an "as needed" basis, for the patient to determine the dosing schedule based on individual symptoms. CRN for these medications implies that patients took less than they felt they needed, because of cost. All medications not otherwise classified were grouped together as "other."
The main predictors of interest were indicators for the type of medication, specifically diabetes, hypertension, cholesterol-lowering, symptom relief, and other. Our multivariate analysis also included comorbidity count, OOP costs in the first quarter of 2006, age, an indicator for sex, race/ ethnicity (white non-Hispanic, Hispanic, African American, Asian/Pacific Islander, and all other), educational attainment (less than high school, high school graduate, some college, and college graduate or higher), annual income (< $25 K, $25 K-$40 K, and >$40 K), and indicators for the participant's plan type and whether the participant had any coverage for prescription medications in the gap.
Race/ethnicity, education, and income were taken from the participant survey. The summed, nonweighted comorbidity count included the following self-reported chronic conditions: congestive heart failure, chronic obstructive pulmonary disease, depression, nonskin cancer, history of myocardial infarction, narrowing of arteries, angina, hypertension, hyperlipidemia, stroke, chronic bronchitis, asthma, bleeding ulcer, and osteoporosis. Finally, OOP medication costs in the first quarter of 2006 and whether the participant had any prescription medication coverage during the gap were obtained from prescription claims.
Statistical Methods
Some individuals were missing key data components and we handled these missing values in 2 ways. A few individuals reported that they had some CRN in 2006 but could not identify the specific medications of which they took less. Because we could not determine the bias introduced by these individuals, we excluded them from the analysis. As is common in survey data, some individuals were missing annual income information. These values were filled in with the median values from the beneficiaries' census block from the 2000 census. We calculated unadjusted percentages of CRN, as well as basic demographic and clinical characteristics, at the individual level (Table 1) .
However, our unit of analysis for multivariate models was the person-medication dyad (Table 2) . In other words, if an individual was taking 2 different medications, a diuretic (eg, hydrochlorothiazide) and a b-blocker (eg, metoprolol), each medication was counted as a separate observationyielding 2 separate observations for that individual within the analysis. There were 5 possible types of person-medication dyads in the analysis, corresponding to the medication classifications we used: diabetes, hypertension, cholesterollowering, symptom relief, and other.
We used multivariate logistic regression to analyze the determinants of CRN. The dependent variable was equal to 1 if the individual reported CRN for that medication during 2006 and equal to 0 if they did not. Given that our unit of analysis was the person-medication dyad, we used a hierarchical model with individual random intercepts to control for clustering of medications within individuals. 23 We included several covariates in model and indicators for the type of medication class. We calculated relative risks (RR) when the coefficient estimates were statistically significant, for ease of interpretation, and simulated their associated 95% confidence intervals (CI) using multiple draws from a multivariate normal distribution of the parameter's RR. [24] [25] [26] We used SAS version 9.1.2 for the analyses (SAS Inc., Cary, NC).
RESULTS
The initial sample size was 1502 computer-assisted telephone interview participants. Sixty-one participants reported CRN in 2006, but could not identify which medications they took less than prescribed. We dropped these participants from the analysis sample. Income values were backfilled for 181 individuals in the sample. An additional 78 were excluded because of missing data on at least 1 covariate. The survey included 99 participants who were believed to have entered the gap in 2006 at the time the sample was drawn, but were later found to have not in fact crossed the cost threshold for gap entry; these participants were therefore excluded. The final analytic sample included 1264 participants, taking a total of 11,991 medications. About 87% of medications reported as being "currently taken" matched those on the prepopulated administrative list, with the remaining 13% of medications reported additionally by the participants.
Approximately 16% of individuals in the analytic sample reported CRN to at least 1 medication. Among participants in the analytic sample, about 5% of participants taking diabetes medications reported CRN to at least 1 of their diabetes medications (Table 1 ). Slightly higher rates of CRN to condition-specific medications were observed for the cholesterol-lowering (6%) and hypertension (6%) medication groups. Seven percent of participants reported CRN to at least 1 of their symptom relief medications and 11% of participants reported CRN to at least 1 medication not otherwise classified. Thirty-eight percent of the patients in the sample reported taking at least 1 medication from each of the 5 categories. The majority of the participants were white (74%) and the mean age was 74.7 years (SD 5.6 y). Slightly more than 40% of the participants reported income of at least $40,000/y and just over half reported having at least some college education. The mean comorbidity count was 4.9 (SD 2.3), and mean OOP medication cost in the first quarter of 2006 was $350 (SD $260).
In the multivariate analysis, there were 11,991 personmedication dyads. Reports of CRN were more frequent for cholesterol-lowering medications (RR, 1.54; 95% CI, 1.01-2.32) and "other" medications (RR, 1.40; 95% CI, 1.00-1.95) as compared with medications taken for symptom relief ( 
DISCUSSION
Using a technique of medication reconciliation to combine administrative data records with real-time assessment including medication bottles on hand, we found a 16% prevalence of CRN to any medication in 2006, among a sample of Medicare beneficiaries. These numbers are similar to other CRN estimates (11.5%-14.3%) obtained using alternate methods and data from the nationally representative Medicare Current Beneficiaries' Survey. 27, 28 The specific key findings in our report are the associations between increased CRN and cholesterol-lowering medication (relative to symptom relief medication), between decreased CRN and advancing age, and between increased CRN and annual income of <$25,000 (relative to income of Z$40,000). Although we found a statistically significant coefficient for one of the education categories, there was no pattern in the results.
The finding of greater CRN for cholesterol-lowering medications is particularly noteworthy and did not match our hypothesis. Previous studies have found reduced adherence to statins over time, with the greatest decline occurring in the first 6 months among elderly patients with chronic conditions. 29, 30 On the basis of the data from clinical trials such as the Heart Protection Study, patients with diabetes or who had a prior myocardial infarction or stroke have approximately a 20%-25% reduction in risk for a cardiovascular event with good adherence to cholesterol-lowering medications. 31 Therefore, finding ways to minimize CRN, especially in the context of the high-risk population in this study, should reduce the rate of these complications. In fact, the Accountable Care Act of 2010 proposes to eliminate the coverage gap by 2020. However, that does not mean that the trend of increased cost shifting to patients will necessarily decrease across the marketplace. Bold findings with the P-values/significance as follows: Cholesterol medication: P < 0.05; Other medication: P < 0.05; Age 75-79: P < 0.01; Age 80-84: P < 0.01; Age 85+: P < 0.05; High school graduate: P < 0.01; Annual income < $25,000: P < 0.01.
Of the 11,991 dyads in the analysis, 544 (4.5%) included CRN (this is lower than the individual-level CRN value as most participants were on multiple medications).
Joint significance tests for the drug class, age, income, and education categories were statistically significant at the 5% level, whereas joint significance tests for the race/ethnicity and plan/gap coverage categories were not.
CRN indicates cost-related nonadherence; MAPD, Medicare Part D Advantage; PDP, Prescription Drug Plan.
In fact, many health insurers are now offering drug benefit packages that place increased cost-sharing burdens on patients. These include high-deductible health plan (HDHPs), employer offerings of that have increased 16% since 2006. 32 The HDHPs have similar aspects to the Part D coverage gap. Specifically, patients in HDHPs bear the full cost of prescriptions until they reach an OOP threshold. Our results may indicate that patients in these types of plans could also be at increased risk of CRN to essential medications when faced with cost pressures.
Our finding of lower CRN with advancing age up to 85 years and older is consistent with several prior studies before the Medicare Part D benefit was enacted. 8, 33 Our finding of an approximately 3-fold CRN for low-income patients is also consistent with earlier work before Part D with diabetic patients. 6 Low-income Medicare beneficiaries that do not automatically receive the low-income Part D subsidy as a result of ongoing Medicaid enrollment are eligible to apply for this subsidy, if they meet prespecified income and asset cutoffs (in 2006, individual income <$14,700/y). 34 Although LIS beneficiaries were excluded from our sample because they did not face the coverage gap, these beneficiaries may still face cost pressures from copayments. Still, our findings suggest that increasing enrollment of eligible patients into the LIS program and/or liberalizing the income and asset thresholds may reduce CRN among vulnerable low-income patients by reducing the amount they have to pay for medications.
There are many other possible strategies for reducing CRN, several of which can be pursued by physicians such as (1) prescribing generic medications whenever possible; (2) pursuing the use of less expensive therapeutic substitutions; and (3) talking to patients about nonadherence. One possible approach would be to review the medication list, prioritize what is essential, and consider discontinuing medications that may be less effective or may not be needed. This would have the double benefit of reducing costs and reducing possible complications related to polypharmacy, which is extremely common in our sample. Although the evidence on the effectiveness of medication therapy management programs has been mixed, these programs have the potential to increase medication adherence, and additional studies in this area would be beneficial. [35] [36] [37] There were several limitations to our study. We did not have prescription drug claims for the entire sample population so we could not use prescription fills as a comparison with the self-reported CRN data. We also had a portion of the sample, about 4%, who reported CRN in general but who could not report which medications were affected. Our measure of overall medication cost burden was drawn from the first quarter of the 2006 study year, so there is a possibility of reverse causality if CRN very early in the year led to lower medication costs. We also do not know how participants specifically chose the medications to cut back on-a much more detailed survey would be needed to answer this particular question. Our sample was not geographically representative of all Medicare beneficiaries with diabetes, and differed somewhat in terms of national demographic characteristics, including relatively more Latinos and fewer African Americans. 38 Our sample also had a slightly higher annual income than the overall Medicare population. 39 Because our sample may have had fewer financial constraints given their higher average income, it is possible that the degree of CRN was lower than it would be for diabetic Medicare beneficiaries overall.
Furthermore, our sample was limited to patients who entered the coverage gap, which represent the highestspending Medicare beneficiaries. However, rates of gap entry among older adults with chronic conditions are generally high, and prior analyses indicate that among Medicare beneficiaries, 35% with dementia, 23% with coronary artery disease, and 22% with congestive heart failure entered the coverage gap in 2006. 40 The results of our study are salient to the millions of patients with chronic conditions such as these who enter the coverage gap; these patients represent a substantial segment of the Medicare population and have disproportionate policy impact.
In summary, using an approach that combined administrative medication data with real-time telephone assessments based on actual patient medication bottles, we found a high rate of CRN among a population of Medicare beneficiaries with diabetes. In addition, we observed more frequent CRN for cholesterol-lowering medications as compared with medications for symptom relief or for hypertension or diabetes control. Medicare beneficiaries with diabetes are at high risk of CRN, particularly of nonadherence to statin medications that have been proven to reduce the risk of future events.
